Rapid response systems have been mandated for the recognition and management of the deteriorating patient. Increasing medical emergency team (MET) dose may be associated with improved outcomes. Large numbers of MET calls may divert resources from the program providing the service unless additional personnel are provided. To describe the implementation and outcomes of a multifaceted rapid response system (RRS) in a teaching hospital, we conducted an observational study. The RRS consisted of the introduction of a MET together with 1) redesign of the ward observation chart with the vital sign variables colour-coded to identify variation from normal; 2) mandated minimum frequency of vital sign measurement; 3) three formal levels of escalation based on the degree of physiological instability as measured by a modified early warning score (MEWS); 4) COMPASS © education and e-learning package with a two-hour face-to-face small group tutorial; 5) practise in escalation and communication using the ISBAR (Identify, Situation, Background, Assessment, Response/Recommendation) communication tool. The primary outcome measures were all-cause hospital mortality rate and hospital standardised mortality ratio (HSMR) compared to peer hospitals calculated by the Health Round Table. There were 161,153 separations and 1,994 hospital deaths from July 2008 to December 2012. The MET call rate was 11.3 per 1000 separations in 2012. There was a decline in all-cause hospital mortality from 13.8 to 11 deaths/1000 separations. The HSMR decreased from 95.7 in 2008 to 66 in the second half of 2012 (below the three standard deviation control limit). A low MET dose may be associated with improved hospital mortality when combined with a MEWS and an intervention to improve communication.
Introduction
The characteristics of patients in Australia and internationally are changing 1 . Acute care hospitals now have an increasing proportion of patients with complex problems who are more likely to be or become seriously ill during their hospital stay 2 . Unrecognised deterioration of patients in hospital wards results in adverse events including cardiac arrest, unplanned Intensive Care Unit (ICU) admission and unexpected death 3, 4 . There are often changes in vital signs present prior to deterioration 5, 6 . Rapid Response Systems (RRS) in many forms have been introduced to intervene in patients with unexpected clinical deterioration [7] [8] [9] . These systems are based on the identification of patients at risk, early notification of an identified set of criteria, rapid intervention by the Rapid Response Team (RRT) and ongoing evaluation of the system's performance 2 . A recent systematic review showed that RRS were associated with reduced rates of cardiorespiratory arrest outside the ICU and reduced mortality 10 .
Underuse of escalation processes to call the RRT or Medical Emergency Team (MET) have been reported as a reason for failure of RRS 11 . The failure of RRTs may also be due to the current calling criteria being too late in the progress of the patient's clinical deterioration 12 . This suggests that more attention should be paid to less severe derangements in physiology 13 . A solution to this has been the introduction of a Modified Early Warning Score (MEWS) 14 . A raised MEWS was associated with increased mortality whereas increased scores for individual physiological parameters did not always translate into an increased risk 15 . The aim of this system is to identify deterioration earlier by allocating a score to all vital signs, rather than waiting for one or more MET criteria to be reached 16 . This allows the ward-based or 'home' medical team to respond early; potentially reducing MET activation, although the latter is available if there is further deterioration. The opposite has been proposed in that increased 'MET dose' is associated with improved hospital outcomes 17 .
The Australian Council of Safety and Quality in Health Care (www.safetyandquality.gov.au) has highlighted "recognising and responding to clinical deterioration of patients" as a priority. Our hospital had identified patient harm due to lack of recognition and appropriate management of the deteriorating patient through root cause analysis for serious adverse events, clinical incident reviews, review of patients after cardiac arrest and inpatient transfer to ICU.
To address these issues, the hospital enrolled in the Recognition and Management of the Deteriorating Patient Collaborative run by the Health Round Table ( HRT) (https:// www.healthroundtable.org/), commencing April 2009. The hospital introduced an RRS with a minimal increase in medical or nursing staffing. The aim of this paper is to describe the implementation process and outcomes of an RRS when introduced simultaneously under an overarching quality improvement program.
Methods
We conducted an observational study to determine the effect of introduction of an RRS on process and outcome measures. The primary outcome measures were all-cause hospital mortality rate and hospital standardised mortality ratio (HSMR) compared to peer hospitals. HSMR was determined by the HRT with data supplied by the hospital. Secondary outcome measures were in-hospital cardiac arrest rates and emergency ICU admissions. Process measures collected were compliance with appropriate frequency and completeness of vital signs, and documentation of escalation.
The Prince Charles Hospital (TPCH) is a 630 bed universityaffiliated tertiary referral hospital (http://www.health.qld.gov. au/tpch/). From April 2007, a significant hospital expansion occurred with increased emergency department, internal medicine and general surgery services resulting in additional inpatient beds, separations and a greater number and proportion of junior doctors (postgraduate years [PGY] 1-3). In August 2010, a district-wide referral service for elderly patients with proximal femoral fractures commenced. The Safety and Quality Unit has a coordinating role for monitoring and implementing hospital-wide initiatives and oversight of departmental programs.
The hospital established a working party to identify hospital-specific problems through audit, focus groups and analysis using pre-specified methods. The following areas were identified: • No standardised hospital procedures on the frequency, method of measurement or documentation of vital signs, except in postoperative patients; • no system for interpreting or escalating abnormal observations; • poor communication and clinical handover; • incomplete documentation of management plans, and • no funding for additional clinical staff to run an RRS.
The ACT Health program (COMPASS © http://health.act. gov.au/professionals/general-information/compass/) 18 was adopted with modifications specific to TPCH.
The following interventions were undertaken: • The ward observation chart was redesigned with the vital sign variables colour-coded to identify variation from normal range and calculation of a MEWS; • the minimum frequency of vital sign measurement was mandated; • three formal levels of escalation were established based on the degree of physiological derangement as measured by the MEWS (Figure 1 ); • the COMPASS © education package and e-learning package, and a two-hour face-to-face small group format was adopted, and practise in escalation and communication using the ISBAR (Identify, Situation, Background, Assessment, Response/Recommendation) tool was undertaken.
The MET consisted of an ICU nurse, ICU medical officer (PGY 4-6) and general medicine trainee (PGY 3-5). The cardiac arrest team did not change and included the two ICU clinicians and cardiology trainees (PGY 4-6). In December 2009, the MET team commenced and the General Observation Chart incorporating a MEWS and MET criteria 6 was introduced at TPCH. De-identified real cases (both well and poorly managed) were used for ongoing education at formal teaching sessions. Real audit data of vital signs and escalation was used in ward education and meetings.
Data collection
Where data or systems existed prior to December 2009, comparisons have been made for up to two years before the intervention (2008-2009) and three years afterwards (2010) (2011) (2012) . Data relating to the MEWS observation chart and MET are only available for the latter period.
In this study, RRS refers to the introduction of the MET, MEWS and ISBAR. Emergency calls included both MET and cardiac arrest calls. Cardiac arrests in ICU, emergency room and operating rooms were excluded. Emergency calls to non-clinical areas, visitors or outpatients are attended by the cardiac arrest team. Data was collected for all admissions from the hospital administrative systems and included demographic data, type of admission, length of stay and discharge status (in-hospital deaths). Hospital administrative data was provided to the HRT to calculate HSMR every six months independent of the authors. The HRT risk models and methods are not in the public domain. The HRT counts all deaths, whether a documented not-for-resuscitation order is present or not, but does not count deaths in the hospital palliative care unit.
Activation of the emergency teams was measured by the number of calls from the switchboard log. The audit form completed at the time of a MET or cardiac arrest call provided patient identification, the reason for the call, management of the patient and the outcome, and was available in 80% of cases. The medical record was reviewed to confirm the presence of cardiac arrest (documentation of type of cardiac arrest, e.g. asystole, no pulse palpable, or cardiopulmonary resuscitation [CPR] commenced). Cardiac arrest calls activated through switchboard and confirmed cardiac arrest calls are discussed separately. Admissions to ICU after an emergency call, either a cardiac arrest or MET, were extracted from the ICU database.
In 2010 a structured medical record review was undertaken of all MET and cardiac arrest calls to examine antecedents to the call, documentation of escalation and medical response. From 2011, the medical record review was only undertaken for cardiac arrest calls or if a MET call was highlighted as requiring review on the audit form.
During 2010, two to four weekly audits of appropriate frequency and completeness of vital signs were introduced in all wards and analysed using a process control chart (QI macros: www.qimacros.com) that provides instant graphical display of data. From 2011, documentation of escalation for an elevated MEWS (≥4) or presence of a MET criterion was included in the audit. No data were collected on the success or otherwise of ISBAR. Table 1 Yearly event rates pre (2008) (2009) The observed counts of deaths, MET calls, and emergency calls were converted to rates per 1000 hospital separations to account for increased hospital activity. Yearly and pre-and post-intervention rates were compared. Exact 95% Poisson confidence intervals were calculated. HSMR was calculated by the HRT by proprietary methods independent of the authors but provided for our use. Statistical significance was defined as a P-value of less than 0.05 and all analyses were performed using STATA version 12. Microsoft Excel® was used to generate graphs. The Prince Charles Hospital Research and Ethics Committee approved the study (HREC/14/QPCH/61).
Results
There were in total 161,153 separations and 1,994 hospital deaths in the study period from July 2008 to December 2012. During the pre-intervention period (July 2008 to December 2009), data was collected from 44,505 separations; and from 116,648 separations in the post-intervention period (2010-2012). When the program commenced, 60% of nursing staff and more than 90% of junior medical staff had been trained.
The rate of MET calls per 1000 separations after the introduction of the MET with the corresponding monthly decrease in the rate of inpatient cardiac arrest calls are shown in Table 1 . From before to after the introduction of the MET, cardiac arrest calls decreased from 5.5/1000 to 3.3/1000 separations (absolute change 2.2/1000, 95% confidence interval [CI] 1.4-3/1000, P <0.001). Hospital mortality decreased from 14/1000 to 11.8/1000 separations (absolute change 2.2/1000, 95% CI 1-3.5/1000, P=0.003). Median monthly MET calls were 31 (range 14-55) but MET calls increased from 8.3 per 1000 separations in 2010 to 9.1/1000 in 2011 and 11.3/1000 in 2012 which represented an increase of approximately one per month call every two months. Seventy-five percent of MET calls were afterhours (outside 0800 hours to 1700 hours) and 50% of cardiac arrest calls were afterhours. The reasons for the MET calls in the study period are shown in Figure 2 . In 2012, hypotension, decreased oxygenation and MEWS ≥8 were the most common reasons. Patients with MEWS ≥8 all had at least one additional MET criterion. Six percent of calls were made when staff had concerns, but no other MET criteria had been reached; 40% of these patients were subsequently transferred to a higher level of care. The variation in type of emergency call (MET versus cardiac arrest call) to the switchboard by hospital program is shown in Figure 3 . Detailed review showed less than half of cardiac arrest calls to the switchboard had confirmed cardiac arrest. In 2012, of 60 confirmed cardiac arrests, the majority were in the cardiology wards including the coronary care unit (35) and the cardiac surgery ward (10) . In 2012, in patients aged 70 years or over who had an emergency call, 149 out of 209 (70%) did not have an Acute Resuscitation Plan (ARP). For patients 80 years or above, 70 out of 114 (61%) did not have an ARP. The HSMR for 2008 and 2009 was 95.7. It fell 11% in the first six months after implementation. The rate of decline slowed after introduction of a district-wide fractured neck of femur service in August 2010. However, in 2011 and 2012, HSMR again fell and by the second half of 2012 was 66 and below the three standard deviation control limit (total decline 31% over three years) ( Figure 4 ). Outcomes following MET review and cardiac arrest are shown in Table 2 . No major changes in hospital discharge practices occurred during the study period. The hospital length of stay (including mental health) decreased (Table 2) , most likely representing changes in case-mix, increased use of day of admission for surgery and introduction of processes such as Hospital in the Home.
Although admissions to ICU post-emergency call trebled in the first year of implementation (Table 2) , the average ICU length of stay of these patients fell from 140 hours to 88.5 hours, resulting in a doubling of ICU bed hours due to emergency calls. It should be noted very limited baseline data was collected on the nature of unplanned ICU admissions prior to the introduction of the RRS. A staff survey 16 months after the start of the MET program revealed 78% of clinical staff were confident using the observation chart and more than 90% were confident escalating concerns when a patient deteriorated.
Two months after the implementation of this program, a prospective before-and-after study of vital sign recording 24 hours post-ICU discharge and 24 hours preceding unplanned ICU admission showed an increase in frequency and completeness of documented vital signs in the ward 19 .
Following introduction of monthly ward-based audits, compliance with correct frequency of vital signs rapidly rose to above the target of 90%. However, the completeness of vital signs (including correct MEWS) increased from a mean of 60% in 2010 to 70% in 2011. The cause of the errors in each ward varied, but the most common was an absent total MEWS. In July 2012, monthly ward-based audit outcomes were presented to the hospital's Safety and Quality Committee in a traffic light format. Nurse Unit Managers were requested to attend to present action plans to address deficiencies. This intervention resulted in progressive improvement in compliance to 86% in December 2012 and the 90% target was achieved in March 2013.
In the first year of implementation, the accuracy of MEWS was audited and calculated in the 48 hours prior to an emergency call in 210 patient records. In three patients the recorded MEWS was underestimated and the actual score should have triggered a home team medical review at an earlier time.
In 2010, an elevated MEWS (≥4) was present in the 48 hours preceding the emergency call in 27% of patients, (12% within four hours, 11% four-24 hours and 4% >24 hours). It was not possible to determine whether the abnormal MEWS was escalated appropriately due to lack of documentation. However, the majority of elevated MEWS were followed by a medical entry 'at some time' indicating a medical review had occurred. The addition of documentation of escalation by nurses to the monthly ward audits in 2011 improved this from 79% to 90% by 2012. During the initial focus groups, there were complaints from nursing staff about delays in doctors' attendance when notified of a patient's deterioration. This was not verified by audit of 59 afterhours calls. Since the start of the program, only one incident has been logged to the hospital incident monitoring system about delay in a requested medical review based on the MEWS escalation protocol.
Discussion
This study describes the implementation of an RRS in the form of a validated multifaceted approach 18 including MET, MEWS, formalised vital sign documentation, education, and training in use of a communication tool. Communication has been identified as a key area of patient safety 20 which was addressed in this project with the ISBAR system, and the project was implemented within an overarching quality and safety program. There was an association between the introduction of the RRS and the fall in cardiac arrest calls, allcause mortality and improved HSMR but we cannot establish causation.
The MET call rate of approximately 11 per 1000 separations is low and less than the suggested effective 'dose' (26-56/1000 separations) 2, 17 and of a recent large study 21 . A formalised escalation protocol and early review by the home team in a timely fashion may reduce the number of MET calls. Alternatively delayed activation may be occurring 22 , although detailed review of emergency calls in the first year did not support this. Inaccurate or absent MEWS can potentially prevent detection and escalation of deterioration. Regular monthly auditing and monitoring promoted compliance with the RRS.
The cardiac arrest rate of 1.4 per 1000 separations in 2012 is similar to the UK and other Australian data (1-2/1000) and lower than the USA (4-6/1000) 23, 24 . The majority of the cardiac arrest calls were to the cardiology and cardiac surgery specialty wards. Other specialties showed a much greater ratio of MET calls to cardiac arrest calls. It may be that sudden change without preceding deterioration is more likely in patients of cardiac subspecialties. The in-hospital survival to discharge for cardiac arrest was 41% overall which is higher than published series 23, 24 which may reflect that, in this hospital, these are diagnostic groups with a higher probability of sudden but highly reversible issues such as arrhythmia.
Criteria resulting in the activation of the MET for patients in this study are different from published studies 25 with a high incidence of hypotension or poor oxygenation. This may reflect the effect of the MEWS or casemix of the hospital. We targeted a complex intervention to problems previously identified by hospital patient safety processes. Lead-in training and maintenance were identified as critical issues. This is consistent with findings that hospital mortality rates take time to fall 26 . Increasingly, hospitals are recognised as complex systems that do not follow linear cause and effect models 27 . There is incomplete understanding of why a single intervention may or may not work. Further work is needed to understand the characteristics of systems that promote safety as an emergent behaviour 28 . A number of interventions may result in a safety threshold beyond which adverse event rates may decrease 29 . This may be the case here as several interventions were already in place.
Approximately 15% of all MET calls resulted in an ICU admission and a further 15% resulted in a decision to palliate. A significant proportion of calls to elderly patients were to those who did not have an ARP in place. The role of the RRT in identifying a patient requiring palliation rather than ICU care is increasingly recognised 30 . The MET service was provided within a period of hospital expansion with limited additional medical or nursing resources. The majority of MET and cardiac arrest calls occurred afterhours which poses problems for future staffing as the number of admissions and calls continue to increase. Although baseline data was coded differently, unlike Mitchell et al 18 , we observed an increase in ICU admissions after emergency calls but a reduction in average length of stay, suggesting deterioration may have been detected earlier.
Conclusion
We have demonstrated a reduced cardiac arrest rate and progressive improvement in hospital risk-adjusted mortality after the introduction of RRS with a relatively low MET dose. We propose that MEWS does protect the MET. That is, a MEWS coupled to a well-defined escalation system allows improvement in outcomes with a low MET activation rate and thereby reduced resource consumption for the METproviding unit. This occurs provided there is compliance with MEWS observations, escalation and rapid review of early deterioration.
